Influenza B virus genomic RNA (vRNA) segments encoding polymerase proteins were shown to be efficiently transcribed in vivo, unlike those of influenza A virus. The results are discussed in connection with the primary structure of the 3' ends ofvRNA segments.
The synthesis of genomic RNA (vRNA) and mRNA of influenza virus is regulated throughout the infection cycle (Hay et al., 1~977; Barrett et al., 1979; Smith & Hay, 1982; Shapiro et al., 1987) .
It has been suggested that regulation, especially the transition from the early to the late pattern of synthesis, occurs at the level of vRNA replication (Smith & Hay, 1982) . On the other hand, Hatada et al. (1989) recently claimed that the transition occurs primarily at the level of transcriptional regulation. However, this disagreement, explained probably by differences in the virus-cell systems used and/or the techniques of vRNA synthesis assay, concerns changes in the rate of transcription of RNA segments 4, 5, 6, 7 and 8. Both groups of authors (Smith & Hay, 1982; Enami et al., 1985; Hatada et al., 1989) agree that synthesis of mRNAs 1, 2 and 3 is at a very low level throughout the infection cycle. The synthesis of the corresponding vRNAs is fairly efficient, so down-regulation of mRNA synthesis should occur at the transcriptional level. Discussing possible mechanisms underlying this phenomenon, Smith & Hay (1982) point out that influenza A virus vRNA segments 1, 2 and 3 differ from the other vRNA segments at nucleotide 4 of the 3' end (Robertson, 1979) . With this in mind, we attempted to measure the virus-specific transcription in influenza B virus-infected cells. Influenza B virus vRNA segments have strictly identical Y-end sequences up to the ninth nucleotide (Desselberger et al., 1980; Stoeckle et al., 1987) .
The methods of cultivation, infection and [3H]uridine labelling of chick embryo fibroblasts, the propagation and purification of influenza A/FPV/Weybridge and B/Lee/40 viruses and the extraction of virion RNA were as described earlier (Kaverin et al., 1983; Varich & Kaverin, 1987) . To monitor the synthesis of vRNA we used a method based on the isolation of nucleocapsidassociated RNA by immunosorption of nucleocapsids from cell extracts, with subsequent RNA extraction and PAGE (Varich, 1987; Varich & Kaverin, 1987) . For the measurements of mRNA synthesis, RNA was extracted directly from [3H]uridine-labelled cells, as described by Bratt & Robinson (1967) with a modification. The cells were lysed in SDS-containing buffer in the presence of Pronase (400 ~tg/ml) and the lysates were incubated for 15 min at 25 °C before phenol extraction. Labelled RNA preparations were annealed with an excess of unlabelled virion RNA, essentially as described by Ito & Joklik (1972) except that 50% formamide was used instead of dimethyl sulphoxide (Kaverin et al., 1983) . To separate poly(A) ÷ and poly(A)-transcripts, the procedure of LiCI precipitation was used (Hay et al., 1977) in a multi-step protocol. The annealed RNA samples were dissolved in a buffer containing 10 -3 M-NaC1, 10 -4 M-Tris-HC1 pH 7.4, 10 -5 M-EDTA and 0.01% SDS. Concentrated LiC1 solution was added to a final concentration of 3 M, the samples were incubated at 4 °C for 16 h, precipitates were collected, dissolved in the same buffer and reprecipitated. Supernatants of the first and second precipitations were pooled, precipitated with ethanol and again subjected to LiC1 fractionation; this was repeated twice. This procedure enabled us to obtain essentially pure preparations of poly(A) ÷ and poly(A)-RNA duplexes. Poly(A) + RNA was treated with S1 nuclease and RNA duplexes were analysed by electrophoresis in polyacrylamide gels with subsequent autoradiographic recording, essentially as described by Hay et al. (1977) with modifications (Kaverin et al., 1983) . Gel autoradiographs were scanned using a densitometer (ERI-65).
Examination of the gel densitograms reveals a typical early-late transition in the relative rates of synthesis of mRNAs 7 and 8 of influenza A/FPV-infected cells ( RNA was extracted and annealed to an excess of unlabeUed virion RNA. Poly(A) ÷ hybrid duplexes were analysed by electrophoresis in polyacrylamide gels. The gel autoradiographs were scanned. Exposure to X-ray film was for (a) and lanes 3, 4 and 5 in (b) 3 days; (b) lanes 1 and 2, 30 days. Densitometer tracings 1, 2, 3, 4 and 5 correspond to labelling intervals from 0 to 1, 1 to 2, 2 to 3, 3 to 4 and 4 to 5 h p.i., respectively. 1 a). The overall mRNA synthesis reaches a maximum at 2-3 h post-infection (p.i.), and then declines. The synthesis of mRNAs 1, 2 and 3 is barely detectable throughout the infection cycle. All these features have been consistently observed in different cell systems infected with influenza A virus (Hay et al., 1977; Barrett et al., 1979; Smith & Hay, 1982; Enami et al., 1985; Hatada et al., 1989) .
In influenza B/Lee virus-infected cells the pattern is different (Fig. 1 b) , resembling the influenza A virus pattern in one respect only, the early-late transition in relative rates of synthesis of mRNAs 7 and 8. There is a very sharp increase in the overall rate of mRNA synthesis between 2 and 3 p.i. (note the difference in exposure time with X-ray film in the legend to Fig. 1 b) , almost no decline in the overall rate of mRNA synthesis up to the sixth h p.i. and, most notably, mRNAs 1 to 3 are efficiently synthesized. Their level of synthesis is lower but comparable to that of the other mRNAs.
The higher accumulation of influenza B/Lee virusspecific mRNAs 1 to 3 might result from an overproduction of the corresponding templates (vRNAs 1, 2 and 3) rather than a high efficiency of transcription. However, the vRNA synthesis pattern in influenza B/Lee virusinfected cells, as measured by the analysis of nucleocapsid-associated RNA (Fig. 2b) , reveals that the rate of synthesis ofvRNAs 1, 2 and 3 does not exceed that of the other vRNAs, in this respect resembling influenza A virus (Fig. 2a) .
The data on the rates of transcription and replication of influenza A and B virus RNA segments are summarized in Table 1 . The bands of influenza A virus polymerase gene transcripts, although clearly discernible in the autoradiographs, are virtually absent in the densitometer tracings, so that only the upper limit of their content may be evaluated. In any case, the difference in the efficiency of the transcription of RNA segments 1, 2 and 3 between influenza A and B viruses is quite significant.
Influenza B virus infection has not been, to our knowledge, systematically studied with respect to the kinetics of vRNA segment synthesis and transcription. Protein synthesis in influenza B virus-infected cells, however, has been assessed by several groups (Almond et al., 1979; Lamb & Choppin, 1979; Kaverin et al., 1983; Zhirnov & Bukrinskaya, 1984; Norton et al., 1987) . In at least one paper (Zhirnov & Bukrinskaya, 1984) , the synthesis of virus proteins of influenza B/Lee/40 and A/WSN/34 virus strains in chick embryo fibroblasts was directly compared. However, no overproduction of polymerase gene products in influenza B virus-infected cells was observed. It seems possible, therefore, that the accumulation of viral polymerase proteins in influenza B virus-infected cells is down-regulated at a post-transcriptional step, differing in this respect from influenza A virus.
The results presented are in keeping with the presumption (Smith & Hay, 1982) influenza A virus vRNA segments 1, 2 and 3 in the limitation of their transcription rates. The results, however, cannot be regarded as conclusive proof, since other explanations cannot be excluded. Another observation of possible significance is a prolonged time interval of high-rate mRNA synthesis in influenza B virus- *The values represent [3H]uridine incorporation into vRNAs and mRNAs 1, 2 and 3 expressed as the percentage of the overall incorporation into virus-specific vRNA and mRNA, respectively. The values were obtained by measuring the areas under peaks in Fig. 1 and 2.
infected cells (Fig. 1 b) . It seems that whatever the role of the fourth nucleotide may be, the down-regulation of virus-specific transcription is fairly inefficient in influenza B virus-infected cells.
It should be noted that a difference in the primary structure of the 3' ends of influenza B virus vRNA segments 1 to 3 does exist. It is, however, shifted to positions 7 to 10, where a tetranucleotide imitating influenza A virus vRNA segments 1, 2 and 3' in the segments 1 to 3, AGCA in segments 4 to 8). It may be that the differential rate of transcription of vRNA segments in influenza B virus-infected cells, much less significant than in the course of the influenza A virus infection cycle but still quite evident, is due to such sequence differences. Such problems may now be approached through the use of site-specific mutagenesis and in vitro transcription, as described recently by Parvin et al. (1989) .
